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The significance of CD163 expressing macrophages in asthma

I ntroduction

Asthma is characterized clinically by airflow limitation and airway hyper-responsiveness
(AHR) induced by chronic lower airways inflammation. The inflammatory process in allergic
asthma is initiated by T-helper 2 (Th2) CD4 + cells, which produce a repertoire of cytokines,
including IL-4, IL-5, IL-9, and IL-13. These cytokines play a critical role in IgE production,
airway eosinophilia, and goblet cell hyperpladiaThe histopathologic characteristics of
lungs in fatal cases of asthma include severe airway remodeling accompanied by hypertrophy
of the smooth muscle, airway wall edema, hyperplasia, and hypertrophy of goblet cells,
mucous plugs, and massive pulmonary inflammafiofhe asthma mortality rates were
maintained at a high level of 0.62 per 100,000 in late 1980s until the widespread use of
inhaled corticosteroid (ICS) therapy. Next, the asthma mortality rates reduced to a level of
0.23 per 100,000 in 20005 The burden of asthma continues to be quite high and Japan
continues to have the highest asthma-related mortality among developed nations; the
age-standardized asthma mortality rate in Japan was 9.34 per million across all ages in the
period 2001-2016

Macrophages can be broadly classified into 2 major subtypes: classically activated

phenotypes cells (M1) and alternatively activated cells (M2). M1 macrophages, induced by
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IFN-y and lipopolysaccharide (LPS), upregulate the exmwaof genes involved in pathogen
clearance and drive inflammation in response to intracellular pathogens. In contrast, M2
macrophages, induced by IL-4 and IL-13, up-regulate the expression of genes involved in
wound healing, clearance of dead and dying cells and tissues, and are involved in
anti-inflammatory responses”’. These two macrophage states mirror the Thi1-Th2
polarization of T cell§°. In the lung tissues in asthma patients to protect tissue from injury
by microorganisms and to repair the tissue, macrophages appear to be less prone to
polarization toward either the M1 or M2 phenotypes

Macrophage activation is extremely complex and heterogeneous to be divided into 2
subtypes; recent researchers often use the term “M1-like/M2-like” in the phenotype of
macrophage activation. CD163, a scavenger-receptor specifically expressed on macrophages,
is known as a marker for tissue repair/protumor/M2-like macrophdg&sCD163 is known
to be secreted from activated macrophages by shedding with proteases, and the plasma level
of soluble CD163 is reportedly increased under inflammatory conditions in several diseases,
including in lung diseasé§™®

Asthma is characterized by chronic airway inflammation and eosinophilic inflammation that
are induced by Th2 cell-mediated immune response. The presence of a correlation between
M2-like macrophages and Th2 inflammation is well kndWwrHowever, the distribution and

roles of CD163 in asthma remains unclear. Therefore, we examined the distribution and roles
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of CD163 using human lung specimens and mouse models.

Methods

Patients

We study carefully excluded smokers and ex-smokers and analyzed the nonsmokers to

exclude those with chronic obstructive pulmonary disease (COPD). Nine patients diagnosed

with asthma had been treated at the Kurume University Hospital (Kurume, Japan) and the

Fukuoka National Hospital (Fukuoka, Japan). All patients were diagnosed by physicians.

Medical records showed that all patients had histories of transient paroxysmal and repeated

wheezes and dyspnea with spontaneous improvement, or use of bronchodilators or oral

corticosteroids. These asthma patients were nonsmokers and had died between 1973 and

1999. Their lung tissues were obtained at autopsy examination. As materials for comparison,

the normal lung tissues were obtained as controls from 8 nonsmokers (2 men and 6 women;

age range, 55-73 years), all of whom underwent surgical resection for lung cancer at the

Kurume University Hospital from 2000 to 2005. No significant difference was observed in

the ages of patients with fatal asthma and the non-asthma control subjects. However, samples

of patients with asthma after 1999 and control samples between 1973 and 1999 could not be

obtained from the two hospitals.

Sample collection and all procedures were approved by the ethics committees of the
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Kurume University in accordance with the ethical standards of the Declaration of Helsinki of

1975.

Histology

The lung tissues were fixed with 10% formalin and embedded in paraffin wax, as reported
previously '8, Paraffin-embedded lung tissues (1-3 in numbers) were obtained from each
patient. Sequential sections were made from each paraffin-embedded lung tissue. Sections
(4-um thick) were serially cut, placed on poly-L-lysineated slides, and incubated overnight

at 55°C—60°C, as described previously

I mmunohistochemical Staining for Human Subjects

For the blockade of endogenous peroxidase activityn4thick deparaffinized sections
were incubated with 1% 3@, for 30 min. To detect the macrophages, the tissues were
reacted overnight at 4°C with anti-human CD68 (mouse monoclonal, clone PG-M1, Agilent
Technol, Santa Clara, CA, USA) and anti-human CD163 (mouse monoclonal, clone 10D6,
Leica Biosystems, Nussloch, Germany) antibodies, and control nonimmune mouse IgG
(DAKO) was used as the negative control, as described previdu3lyen, the samples were
washed extensively and incubated further with appropriate horseradish peroxidase-conjugated

secondary antibodies (Nichirei, Tokyo, Japan) for 1 h at the room temperature. After the
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removal of unreacted secondary antibodies, the samples were incubated with
3,3-diaminobenzidine-4HCI| (Agilent, Tokyo, Japan)®4 solution to visualize
immunolabeling. Then, some sections were counterstained with hematoxylin and eosin and

mounted with a coverslip, as described previo@sly

Quantitative Assessment of CD68+ and CD163+ Macrophagesin the Lung Tissue

The quantitative assessment of macrophages was performed as reported previously, with
minor modification®*. Initially, nine square fields in which small-airway inflammation
appeared most severe were selected (hot sffotShe numbers of CD68-positive cells, as
macrophages, in the interstitial lung tissues were counted within these nine square fields and
expressed in number per millimeter square. The total numbers of macrophages in asthma
patients and controls were expressed as mean + standard error of the mean (SEM)?cells/mm
Then, the CD163+ cells were counted in the same fields as CD68+ cells. Two pathologists
examined these sections independently in a blinded manner, without prior knowledge of the

patients’ clinical status.

Study Design for Mouse Asthma M odel
Balb/c wild-type (WT) mice were purchased from Charles River Japan (Yokohama, Japan).

CD163-deficient (knockout, KO) mice in the C57BL/6N background were obtained from the
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Knockout Mouse Projec. The CD163KO mice were backcrossed to the Balb/c strain for
more than 7 generations. All mice used in this study were of female gender aged 6—8 weeks.
The mice were bred under specific pathogen-free conditions and provided with standardized
diets at the animal facilities (Kurume University Animal Center). Less than 6 mice were bred
in one cage to minimize animal suffering and distress. The method of euthanasia was cervical
dislocation or exsanguination in unconscious mice under anesthesia. The Committee for
Ethics of Animal Experiments, Kurume University approved all procedures (approval no.
050-058, March 30, 2016), and animal care was provided in accordance with the procedures
outlined in the “principle of laboratory animal care” (National Institutes of Health
Publication N0.86-23, revised 1985). The experimental procedure (Fig 1) has been described
previously?* % Balb/c CD163 KO mice and control Balb/c WT mice (6—9 mice per group)
were treated twice with an intraperitoneal injection ofifjGsterile chicken ovalbumin (OVA,

grade V, Sigma-Aldrich Chemical, St. Louis, MO) emulsified with 4 mg of sterile aluminum
hydroxide (Alu-Gel-S Suspension, Serva Electrophoresis GmbH, Heidelberg, Germany) in a
total volume of 20QuL. The injections were administered at days 0 an@ihgse mice were
challenged for 20 min with 0.9% saline (Group 1) or with 5% OVA in 0.9% saline (Group 2)
administered via the airways using an ultrasonic nebulizer (Omron NE-UQ7, Tokyo, Japan) in
a closed box. We performed histological analysis to find bronchoalveolar lavage fluid

(BALF) and AHR in all groups, as reported previously”> We conducted the experiments
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twice each and combined the results.

Histological Analysisin Mice

For the histological analysis, the mice were euthanized via intraperitoneal injection of
pentobarbital sodium (2.5-5 mg per mouse). After the thorax was opened, the trachea was
dissected free from the underlying soft tissues, and a 0.8-mm tube was inserted through a
small incision in the trachea. The lung tissues were immediately fixed by intratracheal
instillation of 10% buffered formalin (pH 7.40) for 15-20 min at a constant pressure of 25-cm
H,O. After gross examination, the extracted tissues were placed into 10% buffered formalin
and further fixed for at least 24 h. Sectionsu(d-thick) were cut from paraffin-embedded
tissues, placed on poly-I-lysine—coated slides, and then incubated overnight at 55°C-60°C.
The deparaffinized sections were stained with hematoxylin and eosin and alcian blue-periodic

acid-Schiff (AB-PAS), as described previousfy”®

I mmunohistochemical Staining for Mice

We performed immunohistochemical staining of Ibal in lung macrophages and CD163 as
M2-like macrophages in the lung of mice. Anti-mouse Ibal (rabbit polyclonal, WAKO,
Tokyo, Japan) and anti-mouse CD163 (rabbit polyclonal, CosmoBio, Tokyo, Japan)

antibodies were used as the first antibody for immunohistochemistry (IHC), and IHC were
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performed as described above.

Analysis of BALF Obtained from Mice

The trachea was inserted with a tubing adaptor, and the lungs were washed thrice with 3 mL
saline. Aliquots of the cells were centrifuged onto glass slides, dried in air, and stained with
May—Grunwald—Giemsa stain. The total cell and the differential cell counts were obtained
from cytospin preparations, dried in air, and stained with May—Grunwald—Giemsa stain. The
cell populations were counted, and the absolute number of cell populations were then
calculated, as reported previousfy®> The supernatants of BALF was kept at —30°C for

measurements.

Measurement of I1L-4, -5, -13, Eotaxin, and IFN-y in the Supernatants of BALF
The levels of IL-4, -5, -13, eotaxin, and IFNn the supernatants of BALF were measured

using commercially available ELISA Kits (ThermoFisher, Waltham, Massachusetts, USA).

Assessment of AHR
AHR to aerosolized acetylcholine (ACh; Sigma-Aldrich Japan, Tokyo, Japan) was tested 24
h after OVA or saline challenge, as described previotfsI§”. Briefly, under mechanical

ventilation (150 breaths/min, tidal volume 10 mL/kg, and positive end-expiratory pressure 2
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cmH,0) (Buxco FinePointe RC; Data Science International, MN) after anesthetization and

intratracheal intubation via tracheotomy, mean airway resistance of mice was measured
automatically after inhalation of 0.9% saline at the baseline, followed by increasing doses of
aerosolized ACh (doubling doses from 0 to 160 mg/mL im20via a nebulizer (inhalation

for 30 s and response for 3 mfti)

Statistical Analysis

All data were expressed as means + SEM. Differences between 2 and 3 or more groups
were compared by Tukelramer test and the analysis of variance with thkeyuHonestly
Significant Difference Test, respectively. Differences at P < 0.05 were considered to be
statistically significant. JMP 12.2.0 (SAS Institute Japan, Tokyo, Japan) was used for

statistical analysis.

Results
Clinical Findings

All 9 patients with fatal asthma were nonsmokers, and none had COPD. Their ages ranged
from 5 to 79 years (Table 1). Five of the 9 patients died within 24 h of the onset of asthma
attack. The duration of disease in these patients varied widely from 2 to 50 years; 7 patients

had asthma for >6 years. Six patients had been treated with systemic corticosteroid, and no
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patient received ICS. Three patients died without treatment with systemic corticosteroid or

ICS (Table 2).

Increased Number of CD68+ and CD163+ Macrophagesin Patients with Fatal Asthma

The representative examples of the histology of the lung tissues obtained from 2 patients
with fatal asthma are shown (Fig 2A). The control subject was a 48-year-old man. Case 1
patient was a 5-year-old boy (Patient #1 in Table 1), and Case 2 was a 32-year-old man
(Patient #2 in Table 1). Immunostaining to detect CD68 and CD163 was successful in
40-year-old specimens of formalin-preserved lung tissues. We performed heat-induced and
proteolysis-induced antigen retrieval as described previdtisTyis indicated that CD68 and
CD163 antigens on the macrophage surface were intact in the formalin-preserved tissues.
Immunostaining for CD68 was performed using pathological sections to examine the
distribution of lung macrophages. The number of CD68+ macrophages were increased in
patients with fatal asthma. It is well known that CD163 is specifically expressed on
macrophages and are useful as M2-like macrophage markers. Therefore, we performed
immunostaining of CD163 using serial sections. Similar to the number of CD68+
macrophages, the numbers of CD163+ macrophages were significantly increased in the
patients with fatal asthma as compared with that in the non-asthma control subjects (Fig 2B).

There were no significant differences in the background and cell counts between males and
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females in the control group.

CD163+ Céllsareincreased in the Lungs of OVA/OVA-WT Mice

Immunohistochemical staining of Ibal revealed that the numbers of Ibal+ cells were
increased in the lungs of OVA-sensitized and OVA-challenged (OVA/OVA-) WT mice as
compare with that those in the lungs of OVA-sensitized and saline-challenged (OVA/saline-)
WT mice. We performed immunostaining of CD163 using serial sections. Similar to the
numbers of Ibal+ cells, the numbers of CD163+ cells increased in OVA/OVA-WT mice as

compare with that in OVA/saline-WT mice (Fig 3).

Decreased Airway Inflammation in CD163 KO Mice Mouse Asthma M odel

Histological examination by hematoxylin eosin and alcian blue-periodic acid-Schiff staining
revealed decreased airway inflammation and mucous cell metaplasia in the lungs of
OVA/OVA-CD163 KO mice compared with the lungs of OVA/OVA-WT mice. In contrast,
airway inflammation and mucous cell metaplasia were not observed in the lungs of
OVA/saline-CD163 KO mice and WT mice (Fig 4A and B). The cells in BALF with May—
Grunwald-Giemsa stain showed decreased eosinophils in OVA/OVA-CD163 KO mice as
compared to that in OVA/OVA-WT mice (Fig 4C). BALF analysis revealed that the number

(mean = SEM, x 1Dcells/mL) of total cells in OVA/OVA-CD163KO mice was significantly
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lower than that in OVA/OVA-WT mice. The number of eosinophils, lymphocyte, neutrophils

and macrophages in OVA/OVA-CD163KO mice was significantly lower than that in

OVA/OVA-WT mice (Fig 4D).

Decreased Levelsof IFN-y and IL-5in the BALF of OVA/OVA-CD163KO Mice

We analyzed the protein levels of IL-4, IL-5, IL-13, IkNand eotaxin in the BALF. The

concentrations of IFN- and IL-5 was significantly decreased in the BALF of

OVA/OVA-CD163KO mice as compared to that in OVA/OVA-WT mice. In contrast, no

significant difference was noted in the concentrations of IL-4, IL-13, and eotaxin between

OVA/OVA-CD163KO mice and OVA/OVA-WT mice (Fig 5).

AHR Was Suppressed in OVA/OVA-CD163K O Mice

We investigated AHR in OVA/OVA-CD163KO and WT mice on day 19. We found that

AHR was increased in OVA/OVA-WT mice as compared to that in OVA/saline-WT mice. In

contrast, AHR was suppressed in OVA/OVA-CD163KO mice as compared to that in

OVA/OVA-WT mice (Fig 6).

Discussion

M2-like macrophages are associated with Th2 inflammation, and CD163 is known as a
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marker for M2-like macrophag¥. In the present study, CD163 was strongly expressed on
macrophages in the lungs of all patients with fatal asthma. In the mouse models of asthma,
AHR and the numbers of total cells and eosinophils in the BALF were significantly decreased
in the OVA/OVA-CD163KO mice when compared with that in the control WT mice.

Several studies have examined CD163 in asthmatic patients. Sputum macrophages from
mild and moderate asthma patients expressed less cell-surface CD163 than macrophages
from healthy individual€’. On the other hand, the concentration of sputum-soluble CD163
(sCD163) was significantly greater in mild asthma patients than in healthy cdfitfdland
the sputum sCD163 level was significantly greater in patients with severe asthma as
compared to that in patients with mild/moderate asthin®ur present results showed that
patients with fatal asthma expressed more CD163-positive macrophages in the lung tissues. It
has been a long time since we collected lung tissues from patients with fatal asthma. Presently,
asthma patients rarely die from asthma attack because of the widespread awareness of the use
of ICS; therefore, it is difficult to collect specimens from the lungs of patients with fatal
asthma now. If possible, it is desirable to examine fresh lung tissues in the future. In this
study, we examined only the lungs of patients with fatal asthma, and it is desirable to examine
the lungs of patients with mild or moderate asthma in the future.

Regarding animal experimentation, in previous researches, the total cells and eosinophils in

BALF were significantly increased in HDM and Der pl-challenged-CD163-deficient mice,
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and the lung histology similarly revealed an increase in the peri-bronchial inflammatory cell
infiltrates in HDM- and Der pl-challenged CD163-deficient mice as compared to that in WT
mice®. In contrast, our present results showed that the numbers of total cells and eosinophils
in the BALF were significantly decreased in OVA/OVA-CD163KO Balb/c mice. On the other
hand, neither HDM-challenged CD163-deficient mice nor WT mice developed
methacholine-induced increases in AHR, which likely reflects the C57BL/6 genetic
background?®. In the present study, AHR was increased in OVA/OVA-WT Balb/c mice as
compared to that in OVA/saline-WT Balb/c mice, and it was suppressed in
OVA/OVA-CD163KO Balb/c mice as compared to that in OVA/OVA-WT Balb/c mice. This
difference may be attributed to the difference in the mice background or antigen used to
establish allergy mouse model. Regarding AHR, OVA-sensitized and challenged model may
reflect the asthmatic conditions more accurately in Balb/c mice.

In this study, the number of total cells in BALF in OVA/Saline-CD163KO mice was
significantly lower than that in OVA/Saline-WT mice. CD163KO mice are complete
knockouts of the CD163 gene lack CD163 expression on macrophages. Therefore, the
number of total cells, particularly macrophages, may not have increased in
OVA/Saline-CD163KO mice. Further analysis is needed to test this possibility.

M2-like macrophages are conventionally considered to display anti-inflammatory

properties; recently, they were subdivided further into several subtypes. Some subtypes of
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M2-like macrophages are believed to be activated by Th2 cytokines (IL-4 and IL-13) and
known to induce allergic immune responses, such as eosinophilic inflamntatich
Previous studies have found that M2-like macrophages correlate significantly with the
percent of eosinophils in BALF of HDM-induced asthma modfeThe present study
demonstrated that the numbers of eosinophils and IL-5 in the BALF are significantly
increased in OVA/OVA-WT mice. However, they are decreased in OVA/OVA-CD163KO
mice. A previous study showed that the intranasal administration of anti-IL-5 antibody
inhibited the development of eosinophilic Ilung inflammation and AHR in
OVA-sensitized/challenged Balb/c mi¢e The reduction of IL-5 may suppress eosinophilic
inflammation and AHR in OVA-OVA CD163KO mice. IFiNin the BALF are significantly
increased in OVA/OVA-WT mice and decreased in OVA/OVA-CD163KO mice. A previous
study showed that the IFfNexpression in the lungs and AHR was induced in Battice by

the transfer of activated eosinophils and that {8i&ficient eosinophils or eosinophils
treated with a blocking anti-IFM-receptor antibody failed to induce AHR in mite The
reduction of IFNy may also contribute to suppress AHR in OVA-OVA-CBK® mice.

Presently, asthma-COPD overlap (ACO) is gained increasing recogfiitiereviously, we
reported that CD163-positive macrophages are expressed on alveolar macrophages in the
lungs of severe COPD patiemtd This common feature of asthma and COPD patients

suggests that CD163 may be involved in the development of ACO.
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Our study had several limitations. First, our study did not investigate the correlation
between the number of CD163+ macrophages and AHR in patients with mild or moderate
asthma. Second, the incidence and severity of asthma has been reported to be greater in
women than in mer® and in female mice compared with male miée’’. We performed
experiments investigating airway inflammation in the murine asthma model using male and
female mice. However, male mice did not exhibit airway inflammation via using our methods
24.25 Male mice have been shown to produce lower amounts of Th2 cytokines and specific
IgE, and have fewer lung lymphocytes after OVA sensitization and challenge in the asthma

model ¥’

. Castrated mice have been found to have increased OVA-induced eosinophil and
lymphocyte infiltration in BALF®®. Therefore, we included only female mice in the present
study. Third, no significant difference was noted in the protein levels of IL-10 in BALF
between OVA/OVA-CD163KO mice and OVA/OVA-WT mice, and IL-33 was not detected in
BALF using ELISA (data not shown), although a previous study reported that IL-33 released
from airway epithelial cells after antigen challenge can modulate M2 macrophage
polarization through STZ. This discrepancy may be due to differences between in vivo and
in vitro studies.

The present study showed that the numbers of CD163-positive macrophages were

significantly increased in the lungs of patients with fatal asthma. Furthermore, AHR was

suppressed and the number of total cells, eosinophils, and neutrophils of BALF were
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decreased in OVA/OVA-CD163 KO mice as compared to that in OVA/OVA-WT mice. Our

result suggests that the inhibition of CD163 can improve eosinophilic inflammation and

suppress AHR. Thus, CD163 or CD163-associated macrophage activation may play

important roles in airway inflammation and AHR in asthma.
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Tables

Table 1. Characteristics of 9 nonsmokers with fatal asthma

Patient Age Sex Yearat Therapy Duration
number autopsy OCS ICS  p2-agonist Theophyline LTRA  Ventilation  from onset
1 5 M 1977 - - - - - + 36 h

2 32 M 1973 + - - + - - 75 min
3 67 M 1980 - - - - - - 5h

4 44 M 1981 + - - - - - <24h
5 75 M 1982 + - - - - - 20 min
6 57 M 1986 + - - - - - unknown
7 16 F 1984 - - + + - - 6 h

8 79 F 1986 + - - - - - 7 days
9 67 F 1999 + - - - - + 26 days

Abbreviations: ICS, inhaled corticosteroid; LTRA, leukotriene receptor antagonist; M, male;

OCS, oral corticosteroid.



Table 2. Characteristics of patients with fatal asthma and control patients

Control Asthma death
Patients (male/female), n 8 (2/6) 9 (6/3)
Age (y), meantSD 62.6 7.9 49.11+25.0
Body mass index (kg/m), mean + SD 245+3.1 21.49+2.49
VC (% predicted), mean + SD 122.3+£13.3 ND
FEV: (% predicted), mean £ SD 113.0+11.9 ND
FEV1/FVC (%), mean = SD 75.1+5.8 ND

Abbreviations: FEY, forced expiration in 1 second; FVC, forced vital capacity; ND, not

done; SD, standard deviation.




Day 0 Day 5 Day 18 Day 19
Group 1
(OVA/Saline) t
Sensitize (OVA) Challenge (Saline)
Analysis
Group 2
(OVA/OVA) '
Sensitize (OVA) Challenge (OVA)

Analysis




ACCEPTED MANUSCRIPT

Asthma death

Control case Case 1 | Case 2

CD68

CD163




OO0 O

900 r
800

1 1 1
o <o <9
o O 9O
s} T on

700
600

=
-l
{UW/PO +€91dO

@ @O

(0.0]¢¢D)

900 r
800

100 F

il
e e o 9
Qo O O o Q
o vy =t o ol

AW/ +890D

1

(=
=1
~

Asthma death

Control

Asthma death

Control




ACCEPTED MANUSCRIPT

OVA/Saline OVA/OVA

Ibal

CD163




ACCEPTED MANUSCRIPT

OVA/Saline OVA/OVA

CD163 KO




WT

CD163 KO

OVA/Saline
AB-PAS

OVA/OVA




ACCEPTED MANUSCRIPT

OVA/Saline OVA/OVA

CD163 KO




Total cells

Eosinophil

OVA'mlne OVAOVA OVAsalme OVAOVA

OVA/aline OVAOVA OVAssaline OVAOVA

140 ¢ —— 7 —_——
——ee —E———
120 '—'—'I'—"—' 6
2 100 8 s
g g
s %0 5 4
3 T
= E
¥ 40 % 2
20 1
0 —1
wT wT CDIS3KO CDI1&KO wT wT CDIGIKO CDI1&KO
OVA/mline OVAOVA OVAmalme OVAOVA OVA/amline OVAOVA OVA'mline OVAOVA
Lymphocyte Neutrophil Macrophage
)
12 T E— 50 — 2 0 —_— — '
45 ] —_—
| 70
10 40 1 .
o 3 o 60
X £ s
g g 30 g %0
@ ) W
;é 6 E 25 = 40
z - 20 —— =
2 @ 2 R
¥ x 15 % s
) 10 2
2 % 10
WwT WT CDI63KO CDI63KO WT WT CDIS3KO CDIS3RO wT wT CDI63KO CDI163KO

OVA'mlme OVAOVA OVAmline OVAOVA




IFN-y IL-5 IL-4
r = 1 & &
240 p 35 g P— r— 140 A S———
L — * : 5
200 30 120 4
25 100 1
160
o o 20 o 80
g 120 8 g
o &i1s £ 60
50
10 40 1
40 5 ‘[ | 20
0 0
wT wT CDIGIKO CDI6RO wT wT CDI6IKO CDISKO WT WwT CDIS3KO CDL63KO
OVAzmalne OVAOVA OVA/mhne OVAOVA OVA/'saline OVAOVA OVA/mahne OVAOVA OVA/salme OVAOVA OVA'mlme OVAOVA
IL-13 eotaxin
6 60
—_—— —
5 50 T
4 40
2 =
=8 3 =4 30
. (=%
2 20
1 ]- 10
0 o
wT WT CDI163K0O CDI63KO wT wT CDI6IKO CDIGKO

OVA'mline OVAOVA OVA'smline OVAOVA

OVA'sline OVAOVA OVA'saline OVAOVA




Chamge ratio in resistance
from baseline (%)

300

250

200

150

100

|

1

—— WT OVA/OVA
—0—WT OV A/saline
~+- CDI63KO OVA/OVA
=0 CD163KO OVA/saline

T T T T T

1.25 2.5 5 10 20 40 80

Concentration of acetylcholine (mg/mL)

160



Figure Legends

Figure 1. Study design for a mouse asthma model.

Ovalbumin (OVA)-sensitized mice injected intraperitoneally with OVA on days 0 and 5 and

saline-challenged (Group 1) or OVA-challenged (Group 2) on day 18, as reported previously

8

Figure 2. Histological analysis of the lung tissues collected from patients who died of

asthma.

(A) Immunostaining of the lung tissue samples with CD68 and CD163 from control
subjects who were nonsmoker and patients who died of asthma (left: x400 and right:

x40). Scale bar = 20m in the panel left and 1Q0m in the right.

(B) The numbers of CD68- and CD163-positive cells in control nonsmokers and patients

who died of asthma. *: p < 0.05.

Figure 3. Immunostaining of lung tissue samples with Ibal and CD163 from OVA-
sensitized and saline-challenged (OVA/saline—) WT mice and OVA-sensitized and OVA-
challenged (OVA/OVA-) WT mice (left: x400 and right: x40). Scale bar = 2Gnuin the

left panel and 100m in the right panel. Arrows indicated each positied

Figure 4. Airway inflammation in the CD163 KO mice mouse asthma model.

(A) Histological tissues of airway inflammation in OVA-sensitized mice. (x200)

Scale bar = 50m. Arrows indicated peribronchial proliferation of inflammatory cells. (HE staining)



(B) Histological tissues of mucous cell metaplasia in OVA-sensitized mice (x400).
Scale bar = 20m. Arrows indicated mucous cell metaplagielE and AB-PAS staining)
(C) Eosinophils in BALFs decreased in CD163KO mice in a mouse asthma model

(D) The number of total cell, eosinophils, Lymphocyte, Neutrophil, and Macrophages in
BALFs decreased in CD 163 KO mice in a mouse asthma model. The cell populations in

the BALFs (n = 15-18 per each group) *: p < 0.05

Figure 5. IFN-y and IL-5 in the BALFs decreased in CD 163 KO micen a mouse

asthma model.

The concentrations of IFN-IL-5, IL-4, IL-13, and eotaxin in the BALFs wereeasured by

specific ELISA kits (n = 15-18 per each group) *: p < 0.05

Figure 6. Airway hyper-responsiveness

The data were expressed as airway resistance changes from the baseline in response to 8

different doses of Ach (n = 10-12 per each group), as described pre¥iddstyp < 0.05
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